SUMMARY The usefulness of thallium-201 (Tl-201) exercise myocardial scintigraphy in identifying patients with multivessel coronary artery disease (MVCAD) and residual jeopardized myocardium after myocardial infarction (MI) was evaluated in 32 patients 3 weeks after MI. All patients underwent 1) limited multilead submaximal treadmill testing, 2) thallium-201 (TI) myocardial scintigraphy at end-exercise and at rest, and 3) coronary and left ventricular angiography.
BECAUSE CORONARY ANGIOGRAPHY is not recommended in all survivors of myocardial infarction,' noninvasive identification of patients with multivessel coronary artery disease (MVCAD) or residual ischemic myocardium after myocardial infarction (MI) is important to guide therapy and estimate prognosis. Limited submaximal exercise testing soon after MI provides objective information concerning the capacity for physical exercise,2 detects arrhythmias that may be prognostically important3' 4 and may be useful in assessing the coronary anatomy.5 Myo-cardial perfusion imaging with thallium-201 has been shown to be a useful, noninvasive method for detecting prior MI6 and stress-induced regional myocardial ischemia. 7 The purpose of this study was to assess the value of conventional submaximal exercise testing combined with Tl-20 1 myocardial scintigraphy in detecting MVCAD and residual jeopardized myocardium (JEP) in patients before hospital discharge, 2-3 weeks after MI.
Methods Admission Criteria
The study population consisted of a group of patients admitted consecutively to our coronary care unit who satisfied all of the following criteria: 1) acute MI, diagnosed by typical rise and fall of the CK-MB isoenzyme in the appropriate clinical setting; 2) willingness to undergo submaximal exercise testing, myocardial scintigraphy and coronary and left ventricular angiography; and 3) absence, 2 weeks after MI, of unstable angina, severe (New York Heart Association [NYHA] class IV) heart failure, serious ventricular arrhythmias at rest, second-or third-VOL 61, No 4, APRIL 1980 degree atrioventricular block, limiting musculoskeletal abnormalities, valvular heart disease, blood pressure exceeding 180/105 mm Hg and any other debilitating medical problem. Complications during the acute phase of MI that had resolved by 2 weeks after infarction did not preclude admission to the study.
Clinical Data
The clinical convalescence of the survivors of acute MI was classified as either complicated or uncomplicated. The complicated group had one or more of the following: 1) angina pectoris more than 5 days after infarction, 2) serious ventricular arrhythmias, defined as more than five premature ventricular contractions (PVCs) per minute, multifocal, R-on-T, two or more in sequence, or ventricular fibrillation more than 5 days after infarction, and 3) congestive heart failure (CHF), defined as a persistent S3 gallop and basilar rales or chest x-ray evidence of pulmonary edema more than 10 days after infarction. CHF and ventricular arrhythmias occurring earlier in the postinfarction period did not qualify the patient as having a complicated convalescence. All patients were evaluated clinically by at least two staff cardiologists daily, and spent at least 4 days in the coronary care unit. Progressive mobilization and ambulation for 1-3 weeks after the intensive care phase was performed on a general medical ward adjacent to the coronary care unit, and rhythm-monitoring facilities were available.
Exercise Testing
Exercise testing8 was performed 2½/2-3 weeks after infarction on a motor-driven treadmill 2 or more hours postprandially. Each patient was interviewed and examined by a physician and informed consent was obtained. Twelve-lead ECGs were recorded at rest and at the end of each stage of exercise and at 2, 4 and 6 minutes after exercise. A three-channel oscilloscope displaying leads V4 to VB was continuously monitored. Blood pressure was recorded at rest, every 3 minutes beginning 2 minutes after the onset of exercise, at the end of exercise, and at 2, 4 and 6 minutes after exercise.
Treadmill exercise was conducted in 3-minute uninterrupted stages using the following treadmill settings9: stage 0 -speed 1.7 miles per hour (mph) and 0% grade; stage 1/2-speed 1.7 mph and 5% grade; stage 1 -speed 1.7 mph and 10% grade; stage 2 -2.5 mph and 12% grade; stage 3 -speed 3.4 mph and 14% grade; and stage 4 -speed 4.2 mph and 16% grade. All patients started exercise at stage 0. Each patient exercised to 75% of his or her maximum predicted heart rate for age and sexg' 1 ' or until the appearance of any of the following: increasing chest pain compatible with angina pectoris, exaggerated fatigue or dyspnea, claudication, dizziness, blood pressure drop of 10 mm Hg below the peak value at the previous stage, three successive PVCs, signs of cerebral insufficiency, or flat or downsloping STsegment depression greater than 2 mm; ST-segment elevation alone was not an indication for termination of the test.
The exercise test was interpreted as positive or negative. A test was judged positive when the patient either experienced chest pain compatible with angina pectoris11 12 or developed diagnostic ischemic ECG changes, including 1) 1 mm or more of ST-segment depression in any recorded lead 80 msec after the J point during or after exercise in a patient with isoelectric ST segments at rest; 2) additional ST depression of 1 mm or more at 80 msec after the J point in patients with abnormal ST segments at rest;'3 and 3) 2 mm or more of ST depression at 80 msec after the J point during or after exercise in patients receiving digitalis or with upsloping ST segments during exercise.14-16 The exercise test was considered negative if it did not satisfy the criteria for a positive test, regardless of the maximal heart rate achieved.
The CK-MB isoenzyme was assayed before exercise in all patients and again 8 and 24 hours after exercise.
Angiography
All patients underwent selective coronary angiography and biplane cine left ventricular angiography 3 weeks after MI. Coronary angiograms were reviewed by at least one experienced angiographer and a cardiac radiologist using multiple projections. The maximal luminal diameter stenosis for each major coronary artery was estimated visually and determined by consensus. In cases of disagreement, the stenotic area was compared with the normal-appearing vessel by means of calipers. Obstructions of large diagonal or marginal branches were considered as lesions of the left anterior descending or circumflex coronary arteries, respectively. There were no complications resulting from angiography.
End-diastolic and end-systolic left ventricular silhouettes in anteroposterior and lateral projections were superimposed using fixed external x-ray markers as references. Regions of akinesis and dyskinesis (abnormally contracting segments17) were thus objectively identified.
JEP ( fig. 1 ) was defined angiographically as a hypokinetic or normally contracting zone of myocardium supplied by a stenotic major coronary vessel. If the vessel's maximal luminal stenosis was 50-69%, the patient was designated JEP-50; if the vessel's maximal stenosis was > 70%, the patient was designated JEP-
70.
Nonjeopardized myocardium (non-JEP) was defined as myocardium with normal or hypokinetic wall motion supplied by a vessel having no stenosis > 50%. Akinetic or dyskinetic segments were assumed to represent scar and were thus considered non-JEP.
MVCAD was defined as two or more major coronary vessels with . 70% stenoses (MV-70). Patients with two or more major coronary vessels with . 50% stenoses but < 70% (i.e., not MV-70) were With the patient supine, postexercise myocardial images were recorded sequentially in the 450 left anterior oblique, anterior and left lateral positions beginning within 3-5 minutes after tracer administration. Rest (reequilibra:tion) myocardial scintigrams were obtained in the same positions 4 hours after exercise. Imaging in each view required approximately 5 minutes to acquire 400,000 counts per image on a 37-photo multiplier tube mobile scintillation camera (Ohio Nuclear Series 1 10, Solon, Ohio) equipped with a high-sensitivity, parallel-hole collimator. All data were recorded in analogue mode on Polaroid film and on tape for subsequent computer processing. All Tl-201 images were subjected to computer an:alysis using an Informatek SIMIS-3 system. The 400,000 count image was analyzed in a 256 X 256 matrix and the maximum count density per matrix element, or pixel, was ascertained. To define ranges of count densities for color coding, we subtracted two standarddeviation increments sequentially from the maximum count density, whose standard deviation was defined as its square root. Each range of count densities thus obtained was assigned a color ( fig. 2 ). This smoothing procedure amounted to an approximately 30% backgroiund subtraction.
An image defect was considered present if by consensus of three of the authors experienced in interpreting thallium-processed images there was a discrete region of absent or decreased activity estimated visually using the Infbrmatek-processed images. The authors knew the results of the exercise test but did not know the coronary anatomy at the time, of interpretation. The of the 16 patients (38%) without MV-70 CAD had either a positive exercise test or a reversible Tl-201 defect or both, but five of these patients had MV-50
CAD.
Thus, the combination of exercise testing and Tl-201 scintigraphy yields a sensitivity of 81% for detection of MV-70 CAD. The specificity for detecting MV-70 CAD is only 62%, but five of the six false positives were MV-50. The remaining false positive had SVCAD but, as explained below, this patient had JEP.
Detection ofJEP
The results of Tl-201 exercise scintigraphy and submaximal exercise testing were also analyzed with respect to the detection of JEP (fig. 4) Abbreviations are as in figure 3 . defect or both were found in four of 10 patients (40%) with JEP-50 but in none of the four patients with non-JEP.
Eleven of 18 patients (61%) with JEP-70 and three of 14 (21%) without JEP-70 had a positive conventional exercise test. Twelve of 18 (67%) with JEP-70 had a reversible Tl-201 defect, while 15 of 18 (83%) with JEP-70 had either a positive conventional exercise test or a reversible TI-201 defect or both.
Thus, the sensitivity of exercise testing combined with scintigraphy was 83% for detecting JEP-70. The specificity for detecting patients with JEP was 100%. Thus, the predictive value of a positive exercise test or reversible Tl-201 defect for detecting JEP was 100%. However, the number of patients with non-JEP in this series was small, possibly limiting the usefulness of specificity and predictive value. The specificity for detecting JEP-70 was 78% with combined testing; all four patients falsely detected were actually JEP-50. The predictive value of any positive response (either a positive conventional exercise test or a reversible Tl-201 defect or both) for detecting JEP-70 was 79%. All eight patients who had both a positive exercise test and a reversible Tl-201 defect were JEP-70. Thus, the predictive value for the combined positive response for detecting JEP-70 was 100%. In the present study, 19 of 28 patients with JEP (68%) (both groups) were detected by Tl-201 stress scintigraphy and conventional exercise testing (sensitivity = 68%). When stenosis > 70% was the criterion, 15 of 18 patients with JEP (83%) were identified (sensitivity = 83%). The lower sensitivity than reported in previous studies would be expected in view of the heart rate limitation (75% of maximum predicted for age and sex). Despite the limitations, a substantial percentage of patients with JEP-70 was identified, and the predictive value of a positive response for all JEP (> 50% stenosis) was 100% 3 weeks after infarction in this study.
Scar Detection
Location of the myocardial scar using 
